Hydroxychloroquine (HCQ) is an effective drug used in the treatment of various connective tissue disorders. Retinal toxicity is the major and most serious irreversible side effect of HCQ.\[[@ref1]\] Risk of toxicity increases to 1% after five to seven years of use or cumulative dose of 1000 g of HCQ.\[[@ref2]\] Although the risk of retinal degeneration increases with the duration of treatment, recent findings show that many patients may take HCQ for many years without problems, whereas, few patients develop retinal photoreceptor dysfunction at very low cumulative doses.\[[@ref3][@ref4]\] While additional risk factors for toxicity or idiosyncratic mechanisms are suggested, the reason for this variability remains to be established.\[[@ref5]\]

The exact pathophysiologic mechanism of HCQ retinal toxicity is still uncertain. In animal studies it was shown that the earliest pathological changes were seen in retinal ganglion cells, but at later stages degeneration of photoreceptor and retina pigment epithelial cells was subsequently observed.\[[@ref6][@ref7]\] Besides it was concluded that the retinotoxic effect of chloroquine was not the result of its affinity to melanin-containing tissues.\[[@ref8]\] The triggering event for retinopathy was proposed to be accumulation of lipid complexes in both neuronal (ganglion and bipolar) and glial cells in the retina.\[[@ref9]\] Accordingly involvement of retinal ganglion cells and retinal nerve fiber layer (RNFL) is suggested in early retinal toxicity. In recent years, highly accurate structural representation of the retina has been possible with the invention of higher resolution spectral domain optic coherence tomography (SD-OCT) and significant alterations have been reported before the development of visible retinopathy. These changes may represent a potential preclinical state of HCQ toxicity.\[[@ref10]\]

In our study, we aimed to determine whether early toxic effects from HCQ could be detected by SD-OCT before the onset of clinically appearent retinal toxicity. For this reason the patients receiving HCQ less than five years and without clinically appearent retinal toxicity were included in this study. In addition, we assessed macular region in quadrants to identify which areas of the macula were more selectively affected in this early period.

Materials and Methods {#sec1-1}
=====================

Fifteen patients who had systemic lupus erythematosus disease and treated with HCQ for less than five years (group 1) and 15 visually normal healthy subjects (group 2) were included in this study. Both eyes were studied. Inclusion criteria for patients was usage of HCQ less than five years without steroid or other immunosupresive treatment. Exclusion criteria included glaucoma or ocular hypertension, optic nerve and retinal diseases, uveitis, previous intraocular and refractive surgery, refractive error of more than ± 6 D sphere or ± 3 D cylinder, and media opacity that inhibited OCT examination. Patients with renal and liver dysfunction were excluded from the study. This clinical trial followed the tenets of the Declaration of Helsinki, and was approved by the institutional review board. Informed consent was obtained from all participants.

All subjects underwent a comprehensive ophthalmologic examination, visual field (VF) testing with central 10-2 programme (Zeiss Humphrey Systems, Dublin, CA,USA). Macular scan imaging was carried out on all subjects using the SD-OCT (Optovue RTVue Fourier domain OCT, Model RT 100, 2007, version 5.1; Optovue Inc, Fremont, CA, USA). All OCT scans were performed centred on the fovea for each person by the same examiner. Throughout scanning, the subject kept each eye constantly fixed on an internal target provided by the equipment. The axial resolution is approximately 5 μm. MM5 scan protocol measure the macular retinal thickness map with a 5 × 5 mm square grid centered on fixation. The grid spacing was 0.25 mm in the inner 3 × 3 mm area and 0.5 mm in the outer area (17 horizontal then 17 vertical line scans). Number of A-scans was 668 in long horizontal line, 400 in short horizontal line. The map of macular thickness was composed of three concentric circles: a central circle (fovea), an inner circle (parafovea), and an outer circle (perifovea) with radii of 1 mm, 3 mm, and 5 mm, respectively. Fourier- domain OCT with its higher resolution and better delineation of the retinal sublayers, allows us to precisely map the loss of retinal sublayers in retinal degeneration. A software programme segments the retina into inner and outer portions by delineating the boundary between the inner nuclear layer and the outer plexiform layer. Thickness of the inner retinal layer (encompasses the ganglion cell layer, inner plexiform layer and the inner nuclear layer)and full-thickness retina of the posterior pole were analyzed automatically. Thicknesses in perifoveal and parafoveal area of the macula were also analyzed automatically in four quadrants (nasal, temporal, superior, and inferior).

NCSS (Number Cruncher Statistical System) 2007 Statistical Software (Utah, USA) programme was used for statistical analysis. Besides standard descriptive statistical calculations (mean and standard deviation), unpaired sample test was used in the comparison of groups and Chi-square test was performed during the evaluation of qualitative data. Pearson correlation analysis was performed in determination of relationship between parameters. *P* value of less than 0.05 was considered to be statistically significant.

Results {#sec1-2}
=======

There were no significant differences in sex and ages between the groups (*P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\]. Mean ages of group 1 and 2 were 49.0 (range: 35-67) and 48.93 (range: 34-66) years, respectively. Mean duration of HCQ usage in group 1 was 2.5 ± 1.34 (range:1-5) years. Average maintenance dosage was 200 mg/day. Every patients had normal or near- normal body mass indices. All of the patients were asymptomatic on presentation. Anterior segment and fundoscopy were normal in all subjects. VF testing was normal in all patients of group 1. Best corrected visual acuity was 20/20 using Snellen chart and intraocular pressure ranged from 12 to 18 mmHg. Average measurements of inner and full-thickness retina for each macular area (foveolar, foveal, parafoveal, perifoveal area) between 2 groups were compared \[[Table 2](#T2){ref-type="table"}\]. Inner retinal thickness in the parafoveal and perifoveal area was found to be significantly lower in group 1 compared to group 2 (*P* \< 0.01 for perifoveal, *P* \< 0.05 for parafoveal retinal measurements). However significant thinning was demonstrated only in full retinal thickness of perifoveal area in group 1 compared to control group (*P*: 0.013).

###### 

Demographic characteristics of the patients
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Mean retinal thickness of each macular areas in group 1 and 2
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Retinal thickness measurements in macular areas were analyzed by segmentation into four quadrants (temporal, nasal, superior, inferior) \[[Table 3](#T3){ref-type="table"}\]. Parafoveal and perifoveal inner retinal thickness measurements of inferior quadrants were significantly reduced in group 1 compared to group 2 (*P* \< 0.01). Perifoveal full retinal thickness measurements were also significantly lower in superior, nasal and inferior quadrants (*P* \< 0.05).
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Mean retinal thickness measurements of each quadrants of macular areas in group 1 and 2
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No significant correlation was found between duration of therapy and OCT parameters (*P* \> 0.05). [Table 4](#T4){ref-type="table"} lists the correlation analyses between the duration of therapy and retinal thickness parameters.

###### 

Correlation analysis between duration of therapy and retinal thickness parameters
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Discussion {#sec1-3}
==========

Retinal toxicity from HCQ has a low incidence, but it can have devastating effects on vision. Even after cessation of the drugs, progression of retinal degeneration can be seen.\[[@ref11]\] There\'s no firm definition of early toxicity and no established criteria for diagnosing HCQ toxicity before a stage where some minor permanent visual loss is likely. Furthermore, retinal changes can be subtle and tend to be a late finding. Therefore, ophthalmic screening is recommended to recognize earliest functional and anatomical changes, before the retinal toxic damage is well developed. Recently, Marmor and associates have reported revised recommendation on screening for HCQ retinopathy. According to these recommendations annual screening should begin after five years or sooner, if there are unusual risk factors VF should be supplemented with sensitive objective test, such as multifocal electroretinogram (mfERG), SD-OCT, and fundus autofluorescence. However, relative sensitivity and specificity of these tests has not been established yet.\[[@ref12]\] Recently, SD-OCT imaging exhibited abnormalities in areas that appeared unaffected on VF 10-2 and clinical fundoscopic examination.\[[@ref10]\] These changes may represent potential early retinal HCQ toxicity.

Even though central VF testing can be a sensitive test for early toxicity, its effectiveness depends on patient cooperation and physician sensitivity to early changes.\[[@ref12]\] Moreover, assesment of VF might be difficult especially in early toxicity as some patients may have macular changes not associated with VF field defects.\[[@ref13]\] Optimal test or combination of tests is still unknown. Recently, mfERG has been shown to provide objective documentation of paracentral functional loss in early HCQ retinopathy.\[[@ref14][@ref15]\] Nevertheless, mfERG is limited by clinical availability, patient cooperation, specialized training for administration and interpretation, and cost. Likewise, fundus autofluorescence has demonstrated areas of early photoreceptor damage and subtle retina pigment epithelial cell defects before visual field loss. The sensitivity of fundus autofluorescence relative to other tests is still being evaluated.\[[@ref16]\]

In our study, significant inner retinal thinning was observed in HCQ treated patients without clinically apparent retinal toxicity. Correspondingly, Pasadhika *et al*., reported thinning of the perifoveal inner retinal layer, especially the inner plexiform and ganglion cell layer observed by SD-OCT in HCQ treated patients in the absence of clinically evident retinal toxicity. It\'s interesting that thinning of RNFL was not found in these patients. This finding may suggest that RNFL thinning follows significant retinal ganglion cell degeneration.\[[@ref13]\] In another study designed to compare patients with retinal toxicity and the others without toxicity, selective thinning of the inner retina was detected in the absence of clinically apparent fundus changes, but significant thinning of the inner, outer, and full thickness retina was observed in patients with retinal toxicity.\[[@ref14]\] The main difference of our study is inclusion of the patients receiving HCQ treatment less than five years, whereas, patients with a history of chronic exposure of HCQ more than five years were included in these studies. Besides, in literature, several reports demonstrated early decline in retinal function of patients receiving less than five years and serial mfERG assessment may be useful for early detection of retinal changes.\[[@ref15][@ref16][@ref17]\] In other studies with the inclusion of patients under long-term HCQ treatment, abnormalities at the outer retinal layers were also shown.\[[@ref10]\] In addition, alteration of the photoreceptor inner and outer segment junction and thinning of the outer nuclear layer was identified with high resolution OCT.\[[@ref18]\] Even so outer retinal changes observed with OCT are unlikely to be the earliest sign of toxicity due to identification of patient who had significant VF defects without clinically apparent macular findings.\[[@ref10]\]

HCQ retinopathy is characterized by relative sparing of foveal function in the presence of parafoveal dysfunction and subsequent degeneration.\[[@ref19]\] This is in agreement with early paracentral scotoma also seen in these patients.\[[@ref12]\] Besides, parafoveal loss of visual sensitivity with mfERG has been also described in early HCQ retinopathy.\[[@ref20][@ref21]\] Moreover, it has been speculated that the most severe damage corresponds to the area of the parafoveal vascular network and longer preservation of the avascular area of the fovea may be due to the lack of retinal vessels. According to this theory, CQ retinopathy starts with the distribution of drugs via the retinal vessels first affecting the retinal ganglion cells.\[[@ref22]\] This pathophysiological mechanism seems to be corroborated by our findings in which significant inner retinal thinning occurs in the parafoveal and perifoveal area of the macula.

In our study, we further assessed the perifoveal and parafoveal areas in quadrants to identify which areas of the macula were more selectively affected in this early period. Inner retinal thickness measurements of the inferior quadrants in the parafoveal and perifoveal areas were significantly reduced in HCQ treated patients compared to the control group. Similarly, Marmor *et al*., reported the quadrants of earliest outer retinal damage included the inferior retina.\[[@ref23]\] Also, previous case reports demonstrated retinal thinning mainly in the inferior quadrant of the parafoveal and perifoveal area.\[[@ref24][@ref25]\] Further studies are warranted to confirm these results.

The limitations of our study are that a greater number of patients should be included and the combined application of functional testing and retinal imaging should be done to determine the optimal screening regimen. Further studies are needed to understand the pathophysiological mechanism and to determine the additional risk factors underlying this retinal toxicity. There\'s also a theoretical possibility that the rheumatological diseases may independently affect the retinal structures. However we would not have expected inner retinal thinning exclusively from rheumatological diseases in the absence of glaucoma or retinal vascular diseaseses.

In conclusion, our results show that thinning of the inner retinal layer of the parafoveal and perifoveal areas may be evidence of early HCQ toxicity. Although these data are not sufficient to demonstrate the sensitivity of SD-OCT for determining early subclinical retinal toxicity, we consider that SD-OCT may detect when inner retinal thinning starts in these patients and may contribute a quantitative approach to the early diagnosis and progression of retinal changes. For this reason, prospective evaluation of inner retinal layer thickness during HCQ treatment may be warranted to detect structural and functional changes early enough so that irreversible retinal damage can be avoided.
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